Objective: To partition the food reports of low energy reporters (LERs) and non-LERs into four aspects Ð tendency to report a given food, frequency of reports per user, portion sizes per mention, and the qualitative (low-fat, low-sugar, low-energy) differences of the reports Ð in order to determine what differentiates them from one another. Assessment method: Two non-consecutive 24h dietary recalls. Low energy reporting was de®ned as energy intake lower than 80% of estimated basal metabolic rate. Setting:In-home personal interviews. Subjects: 8334 adults from a strati®ed, multi-stage area probability sample designed to be representative of noninstitutionlized persons residing in households in the United States. Results: Across all different types of foods, there are those food groups which LERs are less likely to report (28 of 44 food groups), those which they report less frequently when they do report them (15 of 44 groups), and those for which they report smaller quantities per mention (26 of 44). Qualitative differences in the food choices Ð that is, differences in fat, sugar, andaor energy content Ð were not so widespread (4 of 24 food groups). Conclusions: The practical application of analyses such as these is to improve the methods of gathering dietary data so that this kind of bias can be reduced. Further methodological research is needed to reduce the likelihood of respondents neglecting to mention foods and underestimating portion sizes.
Introduction
Implicit in dietary surveillance studies is the assumption that respondents do not change their diets as a function of being`observed' Ð that they report their intakes accurately, and that if food intakes are changed or misrepresented i.e. if there is measurement error Ð that it is spread across the population evenly so that within-study comparisons can be made (Pryer et al, 1997) However, although we still do not know whether people tend to change their diets or simply misrepresent them (Goris & Westerterp, 1998; Mela & Aaron, 1997) , it is now well recognized that there is a bias toward under reporting, and that this occurs more widely in some segments of the population than in others Bingham, 1994; Johnson et al, 1994; Breifel et al, 1995 Breifel et al, , 1997 Klesges et al, 1995; Riddick, l996) Low energy reporters (LERs) are those persons whose reported energy intakes are lower than what are considered to be minimally plausible levels during the measurement period. They have been identi®ed in numerous populationbased studies (Pryer et al, 1997; Black et al, 1991; Breifel et al 1995 Breifel et al , 1997 Klesges et al, 1995; Riddick, l996) and differentiated from non-low energy reporters (non-LERs) with respect to physiologic, demographic and lifestyle characteristics (Pryer et al, 1997; Johnson et al, 1994; Breifel et al, l995, 1997; Klesges et al, 1995; Riddick, 1996) and reported nutrient intakes (Bingham, 1994; Pryer et al, 1997) . A few studies have also included analyses of differences between LERs and non-LERs in the reported total consumption of different food groups and in the food group contributions to energy intake (Bingham et al, 1995; Pryer et al, 1997; and Johansson et al, 1998) . The current study further probes the question of reported food intake differences between LERs and non-LERs by examining differences in their tendency to report a given food, the frequency of reports per user, the portion sizes per mention and the qualitative differences (i.e. differences in fat, sugar, and energy content) of the reports.
Methods
Data for this study were derived from the US Department of Agriculture's (USDA's) Continuing Survey of Food Intakes by Individuals (CSFII) 1994 ± 96, in which interviewers conducted two in-person, non-consecutive 24 h recalls with each respondent. The CSFII employed, in each year, a strati®ed, multi-stage area probability sample which was designed to be representative of non-institutionalized persons residing in households in the US, for each of 40 analytic domains de®ned by sex, age and income level, while over-sampling among the low-income population, young children and the elderly (Tippett & Cypel, 1998) . The strati®cation plan took into account geographic location, degree of urbanization, and socioeconomic characteristics. To account for differential rates of selection, noncoverage and non-response, the data were weighted as follows: a base weight equal to the reciprocal of the probability of selection was assigned to each person; the base weights were adjusted for non-response within classes, de®ned by variables associated with non-response; the adjusted weights were further adjusted to population totals of the US from the US Bureau of the Census (Tippett & Cypel, 1998) . Only persons who provided 2 days of dietary data were selected for the current study; the 2 day response rate for all 3 years was 76.1%. Further information regarding the sample design and the various response rates can be found in Tippett and Cypel (1998) . Data for the 3 y were combined to maximize sample size, and sample weighting factors were used for all analyses.
Because preliminary analyses indicated that the number of LERs were limited among younger persons, only data on adults aged 20 y and older were used in this study. Anyone for whom data on height or weight (self-reported) were missing, who claimed`sickness'`fasting' or`dieting' as a reason for eating less on either day of report, andaor who lived in a household which reportedly had`not enough' food in the last 3 months, was eliminated from the analyses (n 989). This resulted in a study sample of 8334 individuals who were classi®ed according to LERanon-LER status using the Scho®eld formula for basal metabolic rate (Scho®eld, 1985) and following the cut-off limit for plausible energy intakes (80% of basal metabolic rate, or BMR) estimated by Goldberg et al, (1991) for a single individual, with 2 days of dietary data, using 99.7% con®dence limits. This cut-off was derived to determine, for each individual, whether their energy intake could be a valid estimate for a 2-day period,`allowing for the known day-to-day and week-to-week variability and without having to postulate any systematic reduction in intake which may have been caused by the measurement procedure' . The cut-off, therefore, accounts for other reasons respondents may have given for eating less on either day of report, such as traveling, celebrating a special occasion, or being bored, stressed or not hungry.
LERs and non-LERs were examined for their differential rates on a number of sociodemographic and lifestyle characteristics previously identi®ed as factors associated with energy intakes: sex, age, raceaethnicity, education, household income, smoking, weight status (body mass index based on self-reported height and weight), and exercise levels (categories shown in Table 1 ). Differences were tested using a modi®ed chi square test for independence (SUDAAN, 1993) . As any of these factors could account for real differences in energy intakes, as opposed to reporting differences, they were used as control variables in subsequent multivariate analyses.
Foods reported by survey respondents had been coded by USDA, using over 5000 different food codes included in the survey food coding database. For the purposes of this study, 44 food groups were constructed by combining foods that generally substitute for one another in meals ( Table 2 ). The list of food groups examined is not exhaustive; individual foods that did not ®t well within these groups or that were reported by only a very small percentage of the population, such as meal replacements and tofu, were not included. For 24 of the 44 food groups Ð those listed in Table 3 Ð qualitative differences were examined to determine whether LERs' mentions of each food group were more likely than those of non-LERs' to be low-fat, lowsugar, or otherwise a lower energy version. Food mixtures reported in the CSFII have recently been disaggregated in order to group the ingredients with like foods and provide a more comprehensive accounting of food group intake for dietary assessment purposes KrebsSmith et at, 1997 ; US Department of Agriculture, 1997) . However, as this study is concerned with the elemental components of implausibly low energy intake reports, examining foods as reported Ð and not disaggregated Ð was of greater interest.
The way foods were reported was in part a result of the probing and coding protocols used in the CSFII. Interviewers used a Food Instruction Booklet and standard measuring guides to probe for a complete description of every food item and the amount eaten. Probes varied with the type of food recalled, some foods triggering questions about additions (such as fat or cream), while others (such as sandwiches, soups and salads) required that details of each ingredient be obtained. Foods reported separately but eaten as part of such combinations were identi®ed with special combination codes. These combination codes were used in this analysis to determine, for example, whether bread or vegetables were eaten with fat (a qualitative parameter) or whether milk was consumed as an addition to coffeeatea or cereal (a quantitative parameter affecting portion size).
LER's and non-LER's recalls were compared according to the percentage of persons reporting the food group at Low energy reporters vs others SM Krebs-Smith et al least once in 2 days, the number of mentions per user in 2 days, the portion size per mention per user, and Ð for selected food groups Ð the percentage of persons who used a lower energy form of the food. Logistic regression, controlling on the previously mentioned covariates, was used to generate adjusted percentages of persons using a food and the adjusted percentages of mentions by LERs vs non-LERs which were of a particular form (eg low-fat). Linear regression, also controlling on the covariates, was used to generate adjusted mean number of times users reported a food and the adjusted mean portion size. The adjusted percentages and means were directly standardized to the distribution of the covariates for the US population, which here was represented by the weighted CSFII sample (Graubard & Korn, 1999) . t-Tests, modi®ed to account for the sample design of the survey, were used to test the signi®cance of the beta coef®cients from the logistic and linear regression models (SUDAAN, 1993). SUDAAN and Includes presweetened diet tea. * P`0.001.
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in-house software based on Graubard and Korn (1999) were used to account for the sample weighting and clustered nature of the sample design for the standard errors and Pvalues of the descriptive and regression analyses. Because multiple comparisons were being made, conservative tests of statistical signi®cance were applied (P`0.001)
Results Table 1 shows the sociodemographic and lifestyle characteristics of adult LERs and non-LERs. These values are weighted and therefore represent population estimates rather than descriptions of the sample. LERs are more likely than non-LERs to be female, in the older age groups, and non-Hispanic Black; to have less than a high school education; and to reside in a household with less than $30,000 yearly income. While there was no difference in the smoking rates, LERs are also more likely to have a higher body mass index (BMI) and to exercise less frequently. Finally, they report substantially fewer food items on their 24 how recalls than do non-LERs Ð mean values of 11 vs 16, respectively (data not shown). Table 2 shows the percentage of both LERs and nonLERs who reported each of the food groups, after adjusting for the covariates. There were signi®cant differences for 29 of 44 food groups and, in all cases except for arti®cial sweeteners, LERs were less likely to report the food than were non-LERs; the reverse was true for arti®cial sweeteners. LERs were less likely than non-LERs to report all kinds of foods Ð grains, dairy, fruits, vegetables, meats, sweets, fats and other foods; all fruit, vegetable and meat groups examined showed signi®cant differences. Some of these differences were very large: while only 10% of LERs reported cakeapie, 30% of non-LERs did so; likewise, only 20% of LERs reported chips popcornapretzels compared to 39% of non-LERs. Other food groups which showed at least a 15 percentage point spread were white potatoes; cheese; meat, ®sh, poultry and egg sandwiches or mixtures; regular (non-diet) soft drinks; fat-type spreads; and condiments. Table 2 also shows those foods for which there were signi®cant differences in the adjusted frequency of mentions of a food, looking only at users. For every food except arti®cial sweeteners and liquid coffee creamers, the LERs reported a frequency that was the same or smaller than the non-LERs. However, only 15 of the 44 groups showed signi®cant differences; these differences were small, generally less than half a portion (ie a mention) in 2 days.
The last column in Table 2 shows the adjusted average portion sizes (grams) per mention for both LERs and nonLERs. Consistent with previous results, LERs had a pattern across nearly all food groups to report smaller portions of a food if they reported it at all, and 26 of 44 differences were signi®cant. Some of these differences were quite large: LERs' reported portion sizes of beer and chipsa popcornapretzels were about 40% lower than those of non-LERs, and their reports of many other grain products and several other food groups (pancakesawaf¯es; rice, other grains; ready-to-eat cereal; cookiesabrownies; cakeapie; pizza; milk on cereal; frozen dairy desserts; meat mixtures; and condiments) were 20 ± 30% lower.
When the 24 food groups were examined for qualitative differences between LERs and non-LERs, there were signi®cant differences in only 4 (Table 3) . Controlling on the covariates, LERs' mentions of bread, potatoes, and other vegetables were more likely to be without fat added, and their mentions of soft drinks were more likely to be diet.
Discussion
Any analysis of differences between LERs and non-LERs requires that certain assumptions be made regarding who is a low energy reporter, if this cannot be measured directly. In this study, the determination was made using a formula for predicting basal metabolic rate, based on a respondent's age, sex and self-reported height and weight (Scho®eld, 1985) , and a statistical cut-off for determining implausibly low levels of energy . Some persons who were not identi®ed as LERs in this study may have had reported energy levels that were below what would have been necessary to sustain their weight but which could not have been assessed more accurately without precise quantitative measures of activity and other factors which might in¯uence energy expenditure. For example, this scheme could have missed potential LERs who had a more than minimally active lifestyle. Black (1996) has suggested that some assessment of physical activity be included in dietary surveys routinely for just this reason. However, it also could have erred in the other direction, as no accounting was made regarding whether body weight had recently been lost. Limited research suggests that persons who have recently lost weight have a decreased BMR relative to unit mass (Leibel et al, 1995) . Nonetheless, the Scho®eld formula and the Goldberg et al cut-offs are widely used for identifying LERs when direct measurement is not possible (Bingham, 1994; Breifel et al, 1995 Breifel et al, , 1997 Klesges et al, 1995; Riddick, 1996; Black, 1998) .
Related to this, the group of non-LERs could have included persons who overreported their energy intake, which would have exaggerated the differences between LERs and non-LERs. However, the overall bias in dietary studies is toward underreporting rather than overreporting (Black, 1998) , a ®nding which is consistent with social desirability considerations and the respondent burden associated with reporting food intake. Finally, the 2 day sample may have had a greater degree of bias than the 1 day sample would have had, because there was greater nonresponse. Nonetheless, the weighting factors for both the samples were designed to correct for non-response bias related to a number of factors related to food intake, and the 2 days of data for each person were considered so superior to the 1 day data in estimating the percentage of persons using the various foods that their choice seemed warranted.
This study found that, across all different types of foods, there are those food groups which LERs are less likely to report, those which they report less frequently when they do report them, and those for which they report smaller quantities per mention. Qualitative differences in the food choices Ð that is, differences in fat, sugar andaor energy content Ð were not so widespread. Those aspects which showed the greatest number of food group differences were the tendency to report a food and the portion sizes per mention. A few food groups Ð yeast bread; white potatoes; other vegetables; meat, ®sh or poultry; soft drinks, regular; condiments; and beer Ð showed differences in every aspect examined.
Some of these results suggest that LERs tend to bè restrained' eaters (Stunkard & Messick, 1985) . That is, even though persons who reported being on a weight loss diet were excluded, LERs exhibit a pattern of making lower Low energy reporters vs others SM Krebs-Smith et al energy food choices, This is suggested by the LERs' greater tendency to report arti®cial sweeteners; their tendency to report bread, potatoes and other vegetables without added fat; and their more frequent reports of diet vs regular soft drinks.
However, the suggestion of a restrained pattern of eating does not negate the identi®cation of these persons as LERs because their reported intakes were implausibly low for a 2 day period even allowing for day-to-day variability. Therefore, it is highly probable that these persons were underreporting their intake on these days. While these persons may be careful about the energy content of their food choices, they seem to be omitting foods from their reports and to be substantially underreporting their portion sizes of many foods.
These two aspects of reporting Ð tendency to report and portion size Ð were combined into one intake variable by examining portion sizes with the non-consumers included, in order to ascertain whether a particular combination of food groups is most discriminatingapredictive of LER status. With this variable, a stepwise discriminant analysis was conducted, again controlling on the covariates. When this was done, only 10 of the 44 food groups did not signi®cantly (P`0.001) discriminate between LERs and non-LERs Ð crackers; pancakesawaf¯esaFrench toast; lettuce, other greens; milk on cereal; yogurt; coffee, tea; diet soft drinks; both liquid and powdered creamers; and arti®cial sweeteners (data not shown). This suggests that the LERs' reduced likelihood of mentioning foods and their tendency to report smaller portion sizes are widespread across many food groups, especially those that are major sources of energy (Subar et al, 1998) .
Few studies have examined food intake differences between LERs and non-LERs and those that have generally focused on total intakes Ð in terms of gram weights Ð from the various groups rather than the different aspects of reporting (tendency to report, frequency of mention, portion size and qualitative differences), as were examined in this study. Nonetheless, it is of interest to note the foods for which differences were observed in previous studies, to see how the results of this study compare. Johansson et al, (1998) compared dietary data obtained from underreporters of food energy to those obtained from other subjects, using a food frequency questionnaire, and found that the former reported less cake, potato chips, fats, chocolate and sweets, sugar-containing soft drinks, potatoes, meat, ®sh and nonalcohol-containing beverages. Binghain et al (1995) identi®ed underreporters using a urinary nitrogen to dietary nitrogen ratio and found that they reported lower intakes of fats, cake, breakfast cereals, milk and sugars than other subjects. Pryer et al (1997) found more widespread differences across food groups Ð 18 of 26 groups among women and 19 of 26 among men Ð which seems more concurrent with the present study.
This study examined the various aspects of food reporting in surveys in order to understand which of them is most in¯uential in accounting for differences in intakes reported by LERs and non-LERs. The practical application of analyses such as these is to improve the methods of collecting dietary data so that this kind of bias can be reduced. Because food consumption survey data serve such essential purposes as studying diet and disease relationships, setting federal nutrition policy, and developing and evaluating national dietary guidance, continued methodologic improvements are necessary to facilitate their appropriate interpretation. Improvements were made in the 1994 ± 96 CSFII over previous surveys in that series, such as the exclusive use of 24 h recalls rather than a recall combined with diet records, and the use of a multiple-pass approach for interviewing, which provides different types of cues designed to enhance food recall (Tippett & Cypel, 1998) . Indeed, in the 1994 ± 96 CSFII, a smaller proportion of the sampled adults were classi®ed as LERs than in the 1989 ± 91 CSFII: 15%, as shown in this study, vs 25% (comparable analyses of 1989 ± 91 data; data not shown). Nonetheless, further research is needed to improve dietary data collection methods so that the likelihood of neglecting to mention foods or underestimating portion sizes is reduced, Research that focuses on development of interview protocols that better cue respondents' memory for forgotten foods and measurement aids that improve respondents' ability to accurately visualize, estimate and report amounts of foods consumed should prove particularly bene®cial.
